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Tracking Error of 100-m Antenna due to Wind Gust
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A procedure is shown to derive root-mean-square tracking error for an antenna system
in response to wind-gust loading. Example calculations are illustrated for the design of a
proposed 100-m antenna. The effect of wind-gust correlation is also considered,

|. Introduction

Wind loading is an important factor in the design of many
above-ground structures. For large antenna structures in
particular it is necessary to make some allowance for possible
wind loading. Wind motion may be described as consisting of
two parts: a mean motion and a superimposed turbulent
fluctuation. Some studies have provided detailed measure-
ments of the time history of wind fluctuations, and techniques
of random process theory have been employed to gain insight
into the physical processes controlling the turbulent fluctua-
tions. This article defines and calculates the tracking error of a
proposed 100-m-diameter antenna due to wind-gust torque as
a function of equivalent spring constant.

Il. Antenna Tracking Error

Wind-gust torques are analyzed as a random process with
zero mean. For a system with torque input T, and angular
displacement output 6, ., (see Fig. 1), we define

TZ = mean torque input due to wind, Nm
ST( f) = input spectral density for dynamic wind load
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Y(if)

system admittance to wind torque
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S,(f) = output spectral density
0, s = tracking error due to wind torque
j = the imaginary unit

The root-mean square (rms) value of the output is obtained

from
o 1/2
Orms = {J‘ Sov)df} (1)
0

where Sy (f) can be computed by

S, = 1YGHIPS () )]

in which

Y(n=




Keq = series combination of structural stiffness and servo
drive stiffness
f, = servo position loop bandwidth, Hz
f, = natural frequency of the structure, Hz
¢ = damping ratio, relative to critical damping

f = excitation frequency, Hz

To define the spectral density of the dynamic load, the
spectrum of the velocity fluctuations is first required. The
velocity spectral density used in this report was obtained by
Davenport (Ref. 1), giving the spectrum in the form

4K U2 X2
SAf) = 4
T raexnyt
in which
S, (f) = velocity spectral density (one-sided)
U, = steady speed of wind at reference height of 10
meters, m/s
K = surface drag coefficient for the local terrain
X = 1200 f/U,

To relate the load spectrum to the velocity spectrum, the
relation given by Vellozzi and Cohen (Ref. 2) is used, giving
the gust-load spectrum in the form:

4T?
V4

S,(F) = —=5,(f) )

2
z

in which 7, and V, are the steady load and mean wind speed
at height Z (meters).

Since the wind gusts are not likely to act simultaneously
over the full height of structure, a correlation function
(Ref. 2), C2(f), will be introduced in Eq.(5), which is
therefore rewritten as
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in which
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E_ U YT U S M= U (8)
and
U, P
v= (1+aq (T(—)) ©)

in which AX, AY, and AZ = the alongwind, crosswind, and
vertical distances over which the correlation is being taken, 4 is
the height of structure, and « is the exponent in the assumed
power low-speed profile of the wind vs height of the structure
relationship given by

U =, (g)a (10)

A. Calculations

To develop Eq. (4) specifically for the case at hand, the
following parameters are used:

a=0.1405 |
- for Goldstone site (Ref. 3)
K=0005 |

Z=48 m

then from Eq. (10),

10 0.1405
U1 = VZ 4—8—-) or U1 =0.80 VZ

with these relationships, the specific representation of Eq. (4)
becomes

__ 28800f
SAS) m(l NPT
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For example, with V, = 4.47 m/s,
U, =080 (4.47)=3.58 m/s

Thus
f
X = 1200 —— = 335.57f
3.58

and the gust velocity spectrum is given by

28800 f

Sy = 43

(1 +112608 f?)

Figure 2 shows wind velocity spectral density curves for a
family of values of mean speeds, V. Table 1 gives the spectral
density equations derived to plot the curves. The tabulated
values of f,,,, and S,(f,,,,) indicate the frequency at which
the spectra peak and the associated magnitude, respectively.

B. Derivation of the Wind Torque

Loading data derived from existing antenna wind tunnel
tests was applied to an analytical model of the 100-m antenna.
The antenna orientation shown in Fig.3 results in the
maximum wind torque on the antenna dish, at a speed of
31.29 m/s (70 mph) the result was

T,=5.347X 10" Nmat 31.29 m/s

(3.951 X 107 Ib-ft at 70 mph)

C. Calculation of Wind Torque for Different Speeds

To calculate wind torque for different speeds of wind, the
following formula expresses the relationship that torque is
proportional to the square of wind speed, e.g.,

v 2
T = (V ) Tref
. ref

where T, and V. are reference torque and speed,
respectively.

1n)
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Table 2 shows the results of Eq. (11) applied to several
mean speeds using the reference speed and torque from the
wind tunnel analysis.

D. Calculation of Keq

The equivalent spring constant is computed by means of
the well-known relationship for springs in series

LSO SR — (12)

eq Kstructure

]

servo

From structural and servo system analysis, the following spring
constants were derived:

Nm
= 10
Kotructure = 282X 10 g
K . =678X 1010 Nm
Servo -——rad

substituting these values in Eq. (12) provides

o Nm
rad

K. =199 X 10
eq
E. Calculation of the Tracking Error

The digital computer was used to integrate Eq. (1) numeri-

cally and calculate 6, , .. Example results are listed as follows:

Case I: f,=020Hz,f, = 1.00 Hz, ¢{=0.01

C2(f) =1 (100% correlation)

Table 3 shows the constants that can be used to compute the
tracking error for Case 1. The tracking error is obtained by
dividing the constant by K, . The results of Case 1 are plotted
in Fig. 4.

Case 2: f,=0.20Hz,f = 1.00 Hz, {=0.01

C2(f): [ h =104 meters, AX = 50 meters
AY = 50 meters, AZ = 104 meters

Notes # and AZ are the overall height of the antenna at stow
position.



Table 4 shows the tracking error constants for Case 2. The
results of Case 2 are plotted in Fig. 5.

lll. Conclusion

The tracking error of the proposed 100-m-diameter antenna
due to wind gust has been defined and calculated. In Case 1, in
which wind gust has 100 percent correlation over the antenna
structure, the tracking error is about 0.012 deg. at 13.14 m/s

(30 mph) compared to 0.00043 deg. of Case 2, which is a
more realistic result in terms of wind-gust effects on the
antenna.

Of course, in considering the above results, one should bear
in mind that a reasonable tolerance margin must be taken into
account, and these results merely give some understanding to
the design team about the antenna performance with respect
to wind gust.
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Table 1. Family of wind velocity spectral densities

Vg, Sy(f), Finax Sy (fmax)»
m/s (m/s)z/Hz Hz (m/s)?/Hz
4.47 288001 231 x 1073 35.52

(1 +11260872)y4/3

28800f

8.94  —— 4.62x 1073 71.05
(1+28152f2)4/3
1341 . 28800f 6.92 x 1073 106.57
(1 +12512F2)%/3
1788 288007 9.23 x 1073 142.10
€1 +7038£2)4/3
2235 28800 1.15 X 1072 177.63
(1+4504f2)*/3
2682 - 28800f 1.38 X 1072 213.14
(1+3128f2)4/3
3576 28800 1.85 x 1072 284.23
(1+1759£2)3/3
44.70 _28800f 2.31%x 1072 355.25
(1 +11265%)4/3
53.64 288001 2.77 x 1072 426.29

(1+782f2)4/3




Table 2. Wind torque for different speeds

Vz, m/s T;, Nm
4.47 1.09 x 108
8.94 437 % 10°

13.41 9.84 x 10°

17.88 1.75 x 107

22.35 2.73 x 107

Table 3. Case 1 tracking error

Vz,mfs 0, ms (X Keq)j deg
447 (1.81 x 107)
8.94 .14 x 107)

13.41 (2.36 X 10%)

17.88 4.61 x 10%)

22.35 (7.75 x 10%)

Table 4. Case 2 tracking error

Vg, m/s 8, ms (X Keg). deg
4.47 (3.24 X 10%)
8.94 (2.56 x 10%)

13.41 (8.51 x 10%)

17.88 (1.99 x 107)

22.35 (3.83 x 107)
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Fig. 1. System block diagram
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Fig. 2. Wind velocity spectral density
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Fig. 3. Antenna orientation diagram
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Fig. 4. Tracking error vs equivalent spring constant, Case 1,

proposed 100-m antenna
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Fig. 5. Tracking error vs equivalent spring constant, Case 2,

proposed 100-m antenna
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